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1st Editorial Decision 16 June 2016

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now
heard back from the three referees who were asked to evaluate your manuscript. Although the
referees find the study to be of potential interest, they also raise a number of concerns that need to
be addressed in the next final version of your article.

You will see from their comments below that all three referees find the data intriguing.
Unfortunately, lack of appropriate controls in many places, as well as limited mechanistic details
reduce the significance of the work.

Given these evaluations, I would like to give you the opportunity to revise your manuscript, with the
understanding that the referee concerns must be fully addressed and that acceptance of the
manuscript would entail a second round of review. We would like to particularly encourage you to
add all controls and appropriate methodology/antibody and provide some experimental evidence of
the mode of action of Nec-1 in this setting.

Please note that it is EMBO Molecular Medicine policy to allow only a single round of revision and
that, as acceptance or rejection of the manuscript will depend on another round of review, your
responses should be as complete as possible. Revised manuscripts should be submitted within three
months of a request for revision; they will otherwise be treated as new submissions, except under
exceptional circumstances in which a short extension is obtained from the editor. Also, please
consult our guidelines and format your revised article accordingly.

I look forward to seeing a revised form of your manuscript as soon as possible.

© EMBO
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wEkxEE Reviewer's comments *#* 4%
Referee #1 (Remarks):

The current study by Yang et al reports that necrostatin-1 (Nec-1), an anti-necrotic molecule,
regulates four different pathological and behavioral hallmarks of Alzheimer's disease (AD) in 2xTg-
AD mice. With increasing interest and potential benefits from a single molecule with therapeutic
effects in AD, results of this study will provide information useful to the field, especially in the
development of AD drugs. It is significant findings for the fact that Nec-1 is capable of targeting
both AP and tau proteins to further affect cognitive ability of AD mouse model, and it is also
intriguing that authors described the direct binding relationships between Nec-1 with these proteins.
However, there are several concerns of which will improve quality of their study once they are
answered before publication. Detailed concerns are as follows:

1. In Figure 6B-C, authors showed that Nec-1 reduces amount of hyperphosphorylated tau using an
artificially altered cell line. My concerns are that these are not sufficient, and moreover such cell
line is rather inappropriate to strongly support the results. As authors visually demonstrated the
reduction of AP aggregates using cell tissues, I highly recommend authors to confirm the inhibition
of tau phosphorylation using results from animal models.

2. Nec-1 toxicity was not studied experimentally. For Nec-1 to be considered as a potential drug
candidate, preliminary data showing non-cytotoxicity of Nec-1 needs to be included. Please provide
evidence that Nec-1 functions with no apparent cytotoxicity in both cell and animal models.

3. As mentioned in the introduction, Nec-1 regulates necroptosis by serving as a RIP kinase
inhibitor. Authors only showed that apoptotic neural cell deaths were inhibited by Nec-1, with no
supporting results in regards to its function in necroptosis. Please demonstrate that Nec-1 indeed
inhibits the RIP kinases and provide an explanation for why authors focused on effect of Nec-1 on
apoptotic neural cell deaths.

Minor comments:

1. Material and Methods: please provide detailed information about antibodies.
2. Immunostaining and immunoblotting Protocols: provide more details
including concentrations of antibodies and incubation times.

3. Figure 1A: cite the reference if it is not drawn by the author.

Referee #2 (Comments on Novelty/Model System):

The study is mainly suffering from the lack of controls.

Referee #2 (Remarks):

Though the hypothesis that NEC-1 might have a role in AD might be interesting, the lack of controls
decreases the impact of any finding reported. The authors claim that cell death was induced by
Abetad2 aggregates that were produced by incubating Abeta peptides for 24hrs. Such material was
not characterized before used in the study but usually after 24hrs Abeta42 has formed fibrils that are
not toxic (controls are lacking; e.g., scrambled Abeta). It is unclear how NEC-1 treatment was done
(control lacking).

Bimolecular interaction: NEC-1 and Abeta or Tau might unspecifically interact at such high
concentrations used (10 uM). This view is supported by SPR curves shown in figures 3A and 6F. All
curves show an unusual shape that indicate an unspecific aggregation of material on the chip surface
rather than a binding reaction (controls are lacking).

Animal treatment: controls are lacking

© EMBO
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Referee #3 (Remarks):

The manuscript titled, "Nec-1 alleviates cognitive impairment with reduction of Af and tau
abnormalities in APP/PS1 mice" by Tang et al., describes the therapeutic effects of necrostatin-1
(Nec-1), necroptosis inhibitor against the cognition and pathology of Alzheimer's disease.

The manner of neuronal cell death in the brain of AD patients is still debatable. The authors
administrated Nec-1, necroptosis inhibitor, to APP/PS1 mice and found that administration of Nec-1
ameliorated memory deficit and reduced A deposition and the level of phospho-tau. The authors
also found that Nec-1 reduced cellular toxicity of AP aggregates, Nec-1 inhibited the
phosphorylation in culture cells. Those data suggested the Nec-1 might have a potential clinical
benefit in Alzheimer disease. On the other hand, this work is too immature and the authors did not
address several important points to understand the mechanism whereby Nec-1 reduced A
deposition and phosphorylation of tau.

1. The authors should show the evidence whether Nec-1 entered in the brain of APP/PS1 mice and
affect against neurons. Nec-1 is known as an inhibitor of necroptosis, thus, the authors may quantify
the level of autophosphorylation of RIP1 in the brain of APP/PS1 mice.

2. To check whether Nec-1 affect the production of AP, the authors should check the level of APP
and sAPPf in the brain of APP/PS1 mice. Also, the dot-blot data probed by 6E10 in Fig.5 is not
clear. Although 6E10 recognizes human Af, not mouse A or APP, the dot-blot exhibited signals
from the brains of vehicle-treated wild-type mice. The authors should measure the level of soluble
and insoluble A using specific ELISA.

3. The author described the possibility that Nec-1 directly A aggregates and prevents the formation
of AP plaques at page 11. The possibility is very important. The authors should examine the effect
of Nec-1 against the fibrillization of synthetic AB1-42 by in vitro AP fibrillization assay using a
thioflavin T.

4. In Fig.3A, the authors exhibited the data Af interacts with RIPK3. I wonder why
extracellular/luminal Af is able to bound to cytoplasmic RIPK3. Please explain it more.

5. In Fig.6, the authors exhibited a nice data that Nec-1 reduced the level of phosphor-tau in the
brain of APP/PS1 mice. Those mice possess the murine tau, not human tau. Thus, the author may
examine the effects of Nec-1 against phosphorylation of tau and aggregation of tau using murine
tau, not human tau.

6. 2xTg-AD is not usual to use. Please use APP/PS1 or APPswe/PSEN1dE9 in the whole manuscript
and refer the Dr. Jankowski's original paper.

7. It is well known there are gender differences in the amount and deposition of A in the brain of
APP tg mice. Please describe the gender of APP tg mice used in this work in the Materials and
Methods.

1st Revision - authors' response 07 September 2016

Referee #1 (Remarks):

First of all, we would like to express our sincere gratitude for your thorough comments, which
further enriched this paper. All authors reviewed the comments in details and responded with care.
Thank you very much for your time and consideration.

The current study by Yang et al reports that necrostatin-1 (Nec-1), an anti-necrotic molecule,
regulates four different pathological and behavioral hallmarks of Alzheimer's disease (AD) in
2xTg-AD mice. With increasing interest and potential benefits from a single molecule with
therapeutic effects in AD, results of this study will provide information useful to the field,
especially in the development of AD drugs. It is significant findings for the fact that Nec-1 is
capable of targeting both Af and tau proteins to further affect cognitive ability of AD mouse
model, and it is also intriguing that authors described the direct binding relationships between
Nec-1 with these proteins. However, there are several concerns of which will improve quality of
their study once they are answered before publication. Detailed concerns are as follows:

© EMBO



EMBO Molecular Medicine Peer Review Process File - EMM-2016-06566

1. In Figure 6B-C, authors showed that Nec-1 reduces amount of hyperphosphorylated tau using
an artificially altered cell line. My concerns are that these are not sufficient, and moreover such
cell line is rather inappropriate to strongly support the results. As authors visually demonstrated
the reduction of Af aggregates using cell tissues, I highly recommend authors to confirm the
inhibition of tau phosphorylation using results from animal models.

-> Thank you for the comment. We understand that our data was not sufficient to support that Nec-1
reduces the amount of hyperphosphorylated tau. We conducted immunohistochemical analysis using
APP/PS1 mice model to show the effect of Nec-1 on the inhibition of tau phosphorylation directly
instead of using engineered cell line. Consistent with the result of western blot analysis, we
confirmed that Nec-1 dramatically reduced the level of phosphorylated tau. We replaced this result
as Figure 6B instead of former figure from HEK293-human tau-BiFC engineered cell line.

2. Nec-1 toxicity was not studied experimentally. For Nec-1 to be considered as a potential drug
candidate, preliminary data showing non-cytotoxicity of Nec-1 needs to be included. Please
provide evidence that Nec-1 functions with no apparent cytotoxicity in both cell and animal
models.

- We appreciate that you have pointed out what could help us make our manuscript more refined
and sound. We examined the toxicity of Nec-1 on both cells and animal models. We found out that
Nec-1 has no cytotoxic effect on the HT22 cell line according to MTT assays and Nec-1
administration does not have an effect on the survival rate of APP/PS1 mice model. These results
made our manuscript more comprehensive in the sense that we have studied the possibility of Nec-1
as a drug candidate of AD, and they were added as Figure 1B and 2E.

3. As mentioned in the introduction, Nec-1 regulates necroptosis by serving as a RIP kinase
inhibitor. Authors only showed that apoptotic neural cell deaths were inhibited by Nec-1, with no
supporting results in regards to its function in necroptosis. Please demonstrate that Nec-1 indeed
inhibits the RIP kinases and provide an explanation for why authors focused on effect of Nec-1
on apoptotic neural cell deaths.

- Thank you very much for the critical comment. Nec-1 is well-known for its function in relation to
necroptosis, so it is necessary to study whether Nec-1 inhibits the RIP kinases in neural cells. We
apologize for having no evidence included in our previous manuscript. We examined the reduction
in the phosphorylation of RIPK3, which is a member of RIP kinase family, by Nec-1. The results
showed that Nec-1 significantly reduces the levels of phosphorylated RIPK3 in both cortex and
hippocampus of APP/PSI mouse brains as well as primary cultured astrocytes. These results were
provided as Figure 6C. We also tried to examine the phosphorylation of RIPK1; however, an
antibody against murine phosphorylated RIPK1 was not currently available. Alternatively, we
conducted two different methods; 1) we performed co-immunoprecipitation using an antibody
against RIPK1 followed by phosphor-serine antibody from brain lysates of APP/PS1 mice model,
and 2) we used an antibody against human phosphorylated RIPK1 to expect cross-reactivity with
murine phosphorylated RIPK1. Unfortunately, phosphorylated RIPK1 was not detectable by both
methods. Although it was not possible to directly show Nec-1 affecting the phosphorylation of
RIPK1, we believe that our result of reduced level of phosphorylated RIPK3 is sufficient to provide
evidence that Nec-1 serves its anti-necroptotic role in the brain of APP/PS1 mice.

Minor comments:

1. Material and Methods: please provide detailed information about antibodies.

- We appreciate for the detailed comment. We provided more information about antibodies to
include their catalog numbers and company names in “Reagents and Antibodies” part of Material
and Methods.

2. Immunostaining and immunoblotting Protocols: provide more details
including concentrations of antibodies and incubation times.
- We apologize for lacking details on concentrations and incubations times for antibodies. We

provided dilution factors for each antibody and incubation times (overnight at 4°C) in Material and
Methods.

3. Figure 1A: cite the reference if it is not drawn by the author.

© EMBO
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- Thank you for the comment. Because Figure 1A was drawn by one of authors, we stated it as,
“Chemical structure of Nec-1. The schematic diagram was drawn by S. Lee using ChemDraw
Professional 15.0. software” in the legend of Figure 1A.

Referee #2 (Comments on Novelty/Model System):

First of all, we would like to express our sincere gratitude for the time and effort the referee had put
into reviewing our manuscript. All authors carefully went over the all the comments in details in
order to further refine the paper. Thank you very much for your thorough considerations.

The study is mainly suffering from the lack of controls.

- We apologize for insufficient information regarding controls in our study. We carefully followed
concerns raised and responded by adding and correcting controls in experiments included this study
in point-by-point fashion. The corrections are listed as below. We also appreciate that the editor, Dr.
Celine Carret, for informing us in the follow-up emails regarding details on what controls we could

add in the manuscript.

Referee #2 (Remarks):

Though the hypothesis that NEC-1 might have a role in AD might be interesting, the lack of
controls decreases the impact of any finding reported. The authors claim that cell death was
induced by Abeta42 aggregates that were produced by incubating Abeta peptides for 24hrs. Such
material was not characterized before used in the study but usually after 24hrs Abeta42 has
formed fibrils that are not toxic (controls are lacking; e.g., scrambled Abeta).

- Thank you for in-depth comments. We confirmed that Ap synthesized in our laboratory contains
more oligomers when incubated for 24 hours, by photo-induced cross-linking of unmodified
proteins (PICUP) method as the figure provided below. This figure was not included in the
manuscript.

[Data removed upon authors’ request]

AP fibrils are known to be not toxic. However, this is more relevant when commercially purchased
AP is incubated for 24 hours. For our study, we incubated Af that we had synthesized in our
laboratory. When our own synthesized A is incubated, not only fibrils but also toxic oligomers are
produced, which is a result that we have already reported in the previous study [1-4].

Based on our previous studies, we are confident that our synthetic AB(1-42) is highly active in
toxicity and amyloidogenic property and that our protocol regulating aggregation of Af in this study
provided toxic oligomers to cell lines.

It is unclear how NEC-1 treatment was done (control lacking).

We apologize for providing insufficient information that it was confusing how Nec-1 treatment was
processed. We corrected this issue by stating, “Nec-1 (50 uM) was applied to each cell model (pre-
treatment) 15 minutes before AB(1-42) aggregates (10 uM) was added to cells” in Results (Line 2 of
Page 5).

Bimolecular interaction: NEC-1 and Abeta or Tau might unspecifically interact at such high
concentrations used (10 uM). This view is supported by SPR curves shown in figures 34 and 6F.
All curves show an unusual shape that indicate an unspecific aggregation of material on the chip
surface rather than a binding reaction (controls are lacking).

We appreciate for your careful review. We agree that there are possibilities that high concentrations
of AP and tau may lead to unspecific bindings to Nec-1. We confirmed that it was indeed the
specific binding to Nec-1 by using a negative control. We utilized BSA, which is a commonly used
negative control in SPR analysis [5], in high concentrations as same as A} and tau aggregates. Our
result shown below did not show a dose-dependent curve, suggesting that unspecific binding was
not present. This result was not included in the manuscript.

[Data removed upon authors’ request]

© EMBO
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Animal treatment: controls are lacking.

The authors have used one model of tgs with several FAD mutations combined. Since it is known
that in any other genetically modified mouse model ~100 other genes are affected, the drug might
cause effects in the specific model that is not seen elsewhere.

- We deeply appreciate for the in-depth comment regarding animal treatment. In the study of a
drug candidate, it is critical that the effect we observe is not specific to a certain genetically
modified mouse model. In order to confirm that the effect of Nec-1 was not specific to only
APP/PS1 mice model or genetically engineered rodents, we conducted animal study using wild-type
ICR mice model that we have acutely infused AB(1-42) by intracerebroventricular (i.c.v.) injections
without any genetic modifications [6]. Consistent with the results from APP/PS1 mice model, Nec-1
administration in AB(1-42) infusion mice improved cognitive deficits in behavioural Y-maze tests.
We provided results as Figure 2F-1.

Referee #3 (Remarks):

First of all, we truly appreciate and express our sincere gratitude for the in-depth review and
comments, which all the authors have responded with care to further enrich this paper. Our
responses to your concerns have helped us to answer many potential concerns that could have been
raised by other readers. Thank you very much for your time and consideration.

The manuscript titled, "Nec-1 alleviates cognitive impairment with reduction of Af and tau
abnormalities in APP/PS1 mice' by Yang et al., describes the therapeutic effects of necrostatin-1
(Nec-1), necroptosis inhibitor against the cognition and pathology of Alzheimer's disease.

The manner of neuronal cell death in the brain of AD patients is still debatable. The authors
administrated Nec-1, necroptosis inhibitor, to APP/PS1 mice and found that administration of
Nec-1 ameliorated memory deficit and reduced Af deposition and the level of phospho-tau. The
authors also found that Nec-1 reduced cellular toxicity of Af aggregates, Nec-1 inhibited the
Dphosphorylation in culture cells. Those data suggested the Nec-1 may have a potential clinical
benefit in Alzheimer disease. On the other hand, this work is too immature and the authors did
not address several important points to understand the mechanism whereby Nec-1 reduced Af
deposition and phosphorylation of tau.

1. The authors should show the evidence whether Nec-1 entered in the brain of APP/PS1 mice
and affect against neurons. Nec-1 is known as an inhibitor of necroptosis, thus, the authors may
quantify the level of autophosphorylation of RIPI in the brain of APP/PSI1 mice.

- Thank you very much for bringing up a critical point. We apologize for providing insufficient
information regarding whether Nec-1 has its effect in the brain of APP/PS1 mice. Blood-Brain-
Barrier permeability of Nec-1 has been reported previously [7-9] and thus Nec-1 was used in several
mice models to study brain disorders. We examined the effect of Nec-1 on the level of RIP kinase
phosphorylation to deal with this issue. More specifically, we examined the effect of Nec-1 on the
phosphorylation of RIPK3, which is a member of RIP kinase family, in the brain of APP/PS1 mice
model. The results showed that Nec-1 significantly reduces the levels of phosphorylated RIPK3 in
both cortex and hippocampus of APP/PSI mouse brains as well as primary cultured astrocytes,
which we added in Figure 6C. We also tried to measure RIPK1 phosphorylation; however, an
antibody against murine phosphorylated RIPK1 was not currently available. Alternatively, we
conducted two kinds of methods; 1) we performed co-immunoprecipitation using an antibody
against RIPK1 followed by phosphor-serine antibody from brain lysates of APP/PS1 mice model,
and 2) we used an antibody against human phosphorylated RIPK1 to expect cross-reactivity with
murine phosphorylated RIPK1. Unfortunately, phosphorylated RIPK1 was not detectable by both
methods. Although it was not possible to directly show that Nec-1 affects the phosphorylation of
RIPK1, we believe that our result of reduced level of phosphorylated RIPK3 by Nec-1 is sufficient
to provide evidence that Nec-1 affects against neural cells and serves its anti-necroptotic role in the
brain of APP/PS1 mice.

2. To check whether Nec-1 affect the production of Af, the authors should check the level of APP
and sAPP in the brain of APP/PS1 mice.

- Thank you for pointing out an issue we may have missed without the thorough review.
Corrections made in consideration of the comment would help us to refine our manuscript in a great

© EMBO
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extent. We measured APP and sAPPa from brain lysates of APP/PS1 mice model using specific
antibody against APP (22C11 clone, Catalog MAB348, Millipore Corporation) and sAPPa (2B3
clone, Catalog #11088, IBL). Results showed that Nec-1 did not lead to changes in APP and sAPPa
expressions, suggesting that Nec-1 does not affect the production of AP. These results are added as
Figure SF.

Also, the dot-blot data probed by 6E10 in Fig.5 is not clear. Although 6E10 recognizes human Ap,
not mouse Af or APP, the dot-blot exhibited signals from the brains of vehicle-treated wild-type
mice. The authors should measure the level of soluble and insoluble Af using specific ELISA.

- We appreciate for your comment. We separately measured the levels of soluble and insoluble AP
from brain lysates of APP/PS1 mice model by specific ELISA (KHB3442, Invitrogen). Consistent
with our dot blot analysis, both soluble and insoluble AP levels were significantly reduced by Nec-1
in both cortex and hippocampus, though endogenous levels of Ap were still observed from brain
lysates of vehicle-treated wild-type mice. These results were added as Figure SE.

3. The author described the possibility that Nec-1 directly Af aggregates and prevents the
formation of Ap plaques at page 11. The possibility is very important. The authors should
examine the effect of Nec-1 against the fibrillization of synthetic Af by in vitro Ap fibrillization
assay using a thioflavin T.

- Thank you for the comment. As stated in the comment, the possibility that Nec-1 directly binds
to AP aggregates and prevent AP plaque formation is very important issue in our manuscript. We
conducted ThT assay to examine whether Nec-1 indeed inhibits the fibrillization of synthetic AB in
vitro. Results showed that fluorescence intensity was dramatically decreased when Nec-1 was
incubated together with AP, suggesting that Nec-1 does inhibit AP aggregation. We further
confirmed the inhibitory effect of Nec-1 on AP aggregation by PICUP analysis, which showed
reductions in both AP fibrils and oligomers by Nec-1. The results were added as Figure 5G and H.

4. In Fig.3A, the authors exhibited the data Af interacts with RIPK3. I wonder why
extracellular/luminal Af is able to bound to cytoplasmic RIPK3. Please explain it more.

-> The origin of our study is based on the structural and functional interpretation of protein complex
formation between RIPK1 and RIPK3 [10]. According to Li ef al., the RIPK1/RIPK3 complex
resembles the amyloid characteristics. In the discussion, we suggested that there is a possibility of
direct bimolecular interaction between Ap and RIPK. We added in the Discussion as follows:
“Besides Nec-1 activity, we also observed the bimolecular binding between RIP kinase and Af.
Interaction between these two proteins in the extracellular and luminal regions might provide Ap-
related cell death pathology in AD and also provide a potential drug target for the disease. Given
that RIPK1/RIPK3 complex exhibits classical characteristics of amyloid aggregation, it is possible
to predict that amyloidogenic properties of RIPK3 and AP attract each other.”

5. In Fig.6, the authors exhibited a nice data that Nec-1 reduced the level of phosphor-tau in the
brain of APP/PS1 mice. Those mice possess the murine tau, not human tau. Thus, the author
may examine the effects of Nec-1 against phosphorylation of tau and aggregation of tau using
murine tau, not human tau.

- We appreciate for the careful review. We agree that we should have shown the effect of Nec-1
against murine tau phosphorylation instead of human tau. We further carried out
immunohistochemical analysis of APP/PS1 mice model using an antibody against murine
phosphorylated tau (Catalog ab81268, Abcam) to visualize the effect of Nec-1 on the inhibition of
tau phosphorylation in the brain directly. Consistent with the result of western blot analysis, we
confirmed that Nec-1 dramatically reduced the level of phosphorylated tau. We replaced this result
as Figure 6B instead of the former figure from HEK293-human tau-BiFC cell line.

We understand why the referee commented that our study is short on the understanding of Nec-1
mechanism against Alzheimer and why the referee suggested to extend our work by utilizing murine
tau. However, our goal is to develop a disease-modifying drug candidate to treat multiple pathogens
of Alzheimer’s disease. In this study, we showed that Nec-1 regulates aggregation and
phosphorylation of human tau by ThT and cell-based assays, respectively. We also observed the
direct binding between Nec-1 and human tau by SPR analyses. Fortunately, the human tau and
murine tau share phosphorylation sites, which can be detected by the same antibodies such as anti-
tau (phospho Ser199) antibody (Catalog ab81268, Abcam). Therefore, our findings, from the
APP/PS1 mouse brains, support the view that Nec-1 directly binds to human tau and inhibits

© EMBO
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phosphorylation of Serine-199, which is an important post-translational modification site related to
tauopathy.

We regret that the murine tau does not form tangles like human tau and, therefore, we could not
confirm inhibitory actions of Nec-1 against tau aggregation in vivo. However, we confirmed that
Nec-1 inhibits phosphorylation of Serine-199 by immunohistochemcial analyses. To avoid
confusion, we toned down the interpretation on our findings from inhibition of tau phosphorylation
to inhibition of Serine-199 phosphorylation in tau proteins.

6. 2xTg-AD is not usual to use. Please use APP/PS1 or APPswe/PSENI1dAEY in the whole
manuscript and refer the Dr. Jankowski's original paper.

- We apologize for using terms that were confusing. We have corrected the term from “2xTg-AD”
to “APP/PS1” throughout the manuscript and have referred to Dr. Jankowski’s original paper (Line
12 of Page 7).

7. It is well known there are gender differences in the amount and deposition of Af in the brain of
APP tg mice. Please describe the gender of APP tg mice used in this work in the Materials and
Methods.

- Thank you for the comment. Mice we used for this study were all male, and we have clarified
their genders in the Results, Materials and Methods, and Figure legends.
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2nd Editorial Decision 23 September 2016

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed reports from the referees that were asked to re-assess it. As you will see,
while referee 2 is now fully supportive, referee 1 remains critical. Before to make a final decision,
we would like to ask you to provide a point-by-point response letter to this reviewer. We would not
ask you to perform additional experiments at this point, but a rebuttal letter would help clarify the
remaining concerns.

Please submit your revised manuscript within two weeks. I look forward to seeing a revised form of
your manuscript as soon as possible.
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okdak Reviewer's comments **#%#

Referee #2 (Comments on Novelty/Model System):
Only one animal model has been investigated
Referee #2 (Remarks):

Unfortunately, in the revised version the criticism raised before has insufficiently been addressed.
THE SPR data shown is even difficult to interpret for a specialist since it does not seem to follow
any known binding models. Also, it is unclear what the model would be if Nec-1 binds Tau. Abeta
and Tau would have to share some molecular properties that Nec-1 binds to both type of molecules
as mentioned in the manuscript (Tau data not shown). In any case, it is problematic to analyze Abeta
oligomers by SDS-PAGE/ PICP analysis. Even more since ThT data are contradictory from what
was concluded from the analysis in SDS gels. In addition, it would be crucial to show that Nec-1
affects phosphorylation of RIPK1 in vivo to strengthen the overall hypothesis.

Referee #3 (Remarks):

The authors clearly answers to my suggestions and the manuscript has been much improved. I have
nothing to comment about revised manuscript.

2nd Revision - authors' response 11 October 2016

Based on your recommendation and the referee #2’s comments, the following changes, additions
and corrections have been made and are listed in point-by-point responses.

Referee #2 (Comments on Novelty/Model System):

Only one animal model has been investigated

- Previously, referee #2 pointed out the same issue. We were told that an additional animal model
was required and the main reason was to avoid any gene related artefacts in only one transgenic
mouse model. Therefore, we performed additional behavioural experiments using a non-transgenic,
AB-infused mouse model. In the current version of the manuscript, two animal models, with distinct
Alzheimer-related culprits, were used for behavioural studies.

Referee #2 (Remarks):

Unfortunately, in the revised version the criticism raised before has insufficiently been addressed.
The SPR data shown is even difficult to interpret for a specialist since it does not seem to follow
any known binding models. Also, it is unclear what the model would be if Nec-1 binds Tau.

- We apologized for insufficient explanation on the unusual shapes of SPR curves. Referee #2
pointed out that our data did not fit into commonly known bimolecular interactions in Biacore
devices. However, we have observed the similar binding models, shown in this manuscript, while
we measured bimolecular interactions between chemical analytes and heterogeneous misfolded
proteins. Such results were recently published in Nature Communications [1], showing the same
binding model between a small molecule and aggregated A in Biacore. Therefore, in the revised
manuscript, we clearly commented that the Biacore observation in this study is uncommon as we
were assessing bimolecular interactions between a small molecule and misfolded proteins (line 22 of
page 10 and line 16 of page 14).

Abeta and Tau would have to share some molecular properties that Nec-1 binds to both type of
molecules as mentioned in the manuscript (Tau data not shown).

- In contrast to the case of AP and its misfolded aggregates, there is no crystal structure of tau
proteins or tangles. It was already challenging for us to predict biding pockets of Nec-1 in AP
aggregates with limited information of A structures. Tau is about 10 times larger than AP and it
was impossible for us to predict how tau forms protein complexes. As it was beyond the scope of
our study, we have to give up the molecular simulation between tau and Nec-1.
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In any case, it is problematic to analyse Abeta oligomers by SDS-PAGE/ PICP analysis. Even
morve since ThT data are contradictory from what was concluded from the analysis in SDS gels.
- We are concerned about this comment by the referee #2 as SDS-PAGE PICUP is probably the
most commonly used biochemical method to visualize the level of AP oligomers. The protocol
papers by Gal Bitan and colleagues are cited by numerous amyloid-related reports for the reasons [2,
3]. Our laboratory also has published numbers of research articles using the PICUP method to show
alteration of Af oligomers.

It is often misinterpreted when SDS-PAGE PICUP and ThT assays were performed together. The
former indicated the levels of oligomers and fibrils, while the latter measured the levels of B-sheet-
rich proto-fibrils and fibrils. Many research teams including us previously reported that analyses of
molecules regulating AP aggregations could show different outcomes in SDS-PAGE PICUP and
ThT assays as these methods are analyzing different states of AP aggregates. Despite such
possibilities, our findings indicated that Nec-1 inhibited the formations of AP oligomers and fibrils
in SDS-PAGE PICUP and that Nec-1 prevented the formation of B-sheet-rich proto-fibrils and
fibrils in ThT assays. Therefore, we believed our findings are similar in both analyses.

In addition, it would be crucial to show that Nec-1 affects phosphorylation of RIPK1 in vivo to
strengthen the overall hypothesis.

-> During our previous revision, we tried to examine the phosphorylation of RIPK1; however, an
antibody against murine phosphorylated RIPK1 was not currently available. Alternatively, we
conducted two different methods; 1) we performed co-immunoprecipitation using an antibody
against RIPK1 followed by phosphor-serine antibody from brain lysates of APP/PS1 mice model,
and 2) we used an antibody against human phosphorylated RIPK1 to expect cross-reactivity with
murine phosphorylated RIPK1. Unfortunately, phosphorylated RIPK1 was not detectable by both
methods. Although it was not possible to directly show Nec-1 affecting the phosphorylation of
RIPK1, we believe that our result of reduced level of phosphorylated RIPK3 is sufficient to provide
evidence that Nec-1 serves its anti-necroptotic role in the brain of APP/PS1 mice.

Reference
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Reporting Checklist For Life Sciences Articles (Rev. July 2015)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

= the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful way.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>
>
>
>

2. Captions

Each figure caption should contain the following information, for each panel where they are relevant:

=> a specification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements
an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;

definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.

>
>
>
>
>
>
>

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

Please ensure that the answers to the following questions are reported in the manuscript itself. We encourage you to include a
specific subsection in the methods section for statistics, reagents, animal models and human subjects.

In the pink boxes below, provide the page number(s) of the manuscript draft or figure legend(s) where the
information can be located. Every question should be answered. If the question is not relevant to your research,

please write NA (non applicable).

USEFUL LINKS FOR COMPLETING THIS FORM

http://www.antibodypedia.com
http://1degreebio.org

http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-repo

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm

http://ClinicalTrials.gov
http://www.consort-statement.org

http://www.consort-statement.org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tun
http://datadryad.org

http://figshare.com

http://www.ncbi.nim.nih.gov/gap

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

http://jjj.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
http://www.selectagents.gov/

B- Statistics and general methods

Please fill out these boxes

if you cannot see all your text once you press ref

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

in Page 18 and 22, we explained how cell or brain lysates were extracted. The concentrations of
lysates were quantified by BCA protein assay.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

In Page 20 and 21, we stated animal numbers and their sample preparation.

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre- NA
established?

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. NA
randomization procedure)? If yes, please describe.

For animal studies, include a about r ion even if nor was used. NA

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

The animal behavioural tests and the analyses of data were indepdently conducted by separate
individuals to minimize subjective bias.

4.b. For animal studies, include a statement about blinding even if no blinding was done

The animal behavioural tests and the analyses of data were indepdently conducted by separate
individuals to minimize subjective bias.

5. For every figure, are statistical tests justified as appropriate?

As shown in page 24, we utilized statistical analyses with one-way ANOVA followed by Bonferroni’s
post-hoc comparisons

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

NA

Is there an estimate of variation within each group of data?

Although there were variations within each group, there were not significant.

Is the variance similar between the groups that are being statistically compared?

Variation wihtin each group was statistically similar when compared that of another group.

C- Reagents



D- Anima

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

Specifications for all the antibodies are stated in "Reagents and antibody" section of page 17

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

* for all hyperlinks, please see the table at the top right of the document

| Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing
land husbandry conditions and the source of animals.

Details on animals as well as their housing and husbandry conditions are specified in "Animals”
section of page 16.

9. For experiments involving live vertebrates, include a of with ethical re

[committee(s) approving the experiments.

and identify the

All animal experiments were performed in accordance with the National Institutes of Health guide
for the care and use of laboratory animals (NIH Publications No. 8023, revised 1978). The animal
studies were approved by the Institutional Animal Care and Use Committee of Korea Institute of
Science and Technology. (Page 17)

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), 1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

We reported our animal studies in accordance with the recommended guidelines. (Page 17)

E- Human Subjects

F- Data A

G- Dual u:

top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

11. Identify the committee(s) approving the study protocol. NA
12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human

Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA
16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right)  |NA
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under

‘Reporting Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at |[NA

ccessibility

18. Provide accession codes for data. See author

under ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

le. Proteomics and molecular interactions

[The complex structure of RIPK1 with Nec-1 analog, Nec-1a (code; 4ITH) and the structure of 12-
mer AB fibrils (code; 2LMO) were obtained from the PDB, and then prepared using Protein
Preparation Wizard of the Schrédinger Maestro program. (Page 19)

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of
datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in
unstructured repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

We stated relevant informations in "Docking simulation of Nec-1 and AB complex" section of page
19.

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
with the individual consent agreement used in the study, such data should be deposited in one of the major public access-|
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. As far as possible, primary and referenced data should be formally cited in a Data Availability section. Please state
(whether you have included this section.

Examples:

Primary Data

Wetmore KM, Deutschbauer AM, Price MN, Arkin AP (2012). Comparison of gene expression and mutant fitness in
Shewanella oneidensis MR-1. Gene Expression Omnibus GSE39462

Referenced Data

Huang J, Brown AF, Lei M (2012). Crystal structure of the TRBD domain of TERT and the CR4/5 of TR. Protein Data Bank
4026

AP-MS analysis of human histone deacetylase interactions in CEM-T cells (2013). PRIDE PXD000208

22. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list
at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be
deposited in a public repository or included in supplementary information.

se research of concern

23. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.




